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ABSTRACT 
The spec t rum of the  u l t r a v i o l e t  n i g h t  a i r g l o w  
from 2300-3800A h a s  been r e c o r d e d  w i t h  12A r e s o l u t i o n  
by a f a s t  s p e c t r o g r a p h  c a r r i e d  on a n  Aerobee r o c k e t  
launched  from 'White Sands Missile Range, New hlexico 
a t  0615 UT 1 Dec. 1964. A l l  o f  t h e  f e a t u r e s  observed  
can  be a t t r i b u t e d  t o  t h e  mo lecu la r  oxygen Herzberg 
band sys t em (A3C+ 1 
01 t r a n s a u r o r a l  l i n e  at-2972A and f i v e  u n i d e n t i f i e d  
bands ,  a l l  l y i n g  a t  wavelengths  greater t h a n  3400A. 
The Herzberg 7,O band a t  25196 marks t h e  s h o r t e s t  
wavelength emis s ion  f e a t u r e  and no e m i s s i o n  from upper  
s t a t e s  w i t h  - v '  > 7 is observed .  The t o t a l  z e n i t h  
emis s ion  r a t e ' i n  t h e  wavelength i n t e r v a l  photographed 
is rough ly  e s t ima te$  as 600R. Details of t h e  s p e c t r o -  
graph  are d e s c r i b e d  and a comparison of  t h e  n ightg low 
spec t rum w i t h  pub l i shed  l a b o r a t o r y  a f t e r g l o w  and ground 
observed  n ightg low s p e c t r a  is made. 
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INTRODUCTION 
The u l t r a v i o l e t  n i g h t  a i rg low w a s  c o n c l u s i v e l y  
i d e n t i f i e d  t e n  years ago a s  a r i s i n g  almost  e n t i r e l y  from 
t h e  Herzberg s y s t e m  of molecular oxygen (Chamberlain,  
1955) .  S i n c e . t h e n  o t h e r  ground based spec t rograms ( f o r  
i n s t a n c e  Y a r i n ,  1961; .1962)  have been o b t a i n e d  which 
r e p e a t  t h e  same r e s u l t s .  The nightglow s p e c t r a l  r e g i o n  
below t h e  a tmospher ic  c u t  off  a t  about  3100A h a s ,  u n t i l  
t h i s  year,  been r eco rded  only by broad band p h o t o e l e c t r i c  
r ad iomete r s  c a r r i e d  i n  sounding r o c k e t s .  These r o c k e t  
r e s u l t s  (Dunkelman, Boggess, and S c o l n i k ,  p r i v a t e  communi- 
c a t i o n ,  1959; Packe r ,  1961) gave approximate z e n i t h  
emis s ion  ra tes  of 0 . 2  - 0.3 R/A f o r  t h e  s p e c t r a l  r e g i o n  
from 2500 - 2800A, which may be compared w i t h  ground 
based estimates i n  t h e  observable  r e g i o n  of abou t  0 .9  R/A 
( Y a r i n  1961,  1962) .  The rad iometer  bandpasses ,  as s h a l l  
be s e e n ,  extended below t h e  l i m i t  of t h e  Herzberg emis s ion  * 
a ~ l d  thus give rather Inw average emiss ion  rates.  Very 
r e c e n t l y  S teche r  (1965) ob ta ined  a scan  of t h e  n ightg low 
hor i zon  w i t h  a rocket-borne o b j e c t i v e  g r a t i n g  s p e c t r o m e t e r .  
The low r e s o l u t i o n  energy d i s t r i b u t i o n  d e r i v e d  from h i s  
d a t a  g i v e s  about  0 .7  R/A throughout  t h e  r e g i o n  2500-35008. 
The d e s i r e  t o  ex tend  t h e  a i rg low s p e c t r a l  a n a l y s i s  
below 3100A, t h e  improvement i n  f i l m  s p e c t r o g r a p h i c  tech- 
n iques  and r o c k e t  c o n t r o l  s y s t e m s ,  and t h e  r e s u l t s  of 
t h e  rocke t -borne  r ad iomete r s  encouraged u s  t o  a t t e m p t  t o  
r e c o r d  t h e  f a i n t  nightglow spectrum wi th  a f a s t  s p e c t r o -  
graph  d u r i n g  a r e l a t i v e l y  s h o r t  r o c k e t  f l i g h t .  By 
c o n t r o l l i n g  t h e  r o c k e t ' s  a t t i t u d e  t h e  s p e c t r o g r a p h  c o u l d  
be k e p t  p o i n t e d  a t  t h e  hor izon  where t h e  enhanced emiss ion  
i s  some 50-60 t i m e s  more i n t e n s e  than  a t  t h e  z e n i t h  (o r  
n a d i r ) .  The r e s u l t i n g  decrease  i n  exposure t i m e  r e q u i r e d  
t o  produce a pho tograph ic  spectrum a l s o  d e c r e a s e s  t h e  
z o d i a c a l  l i g h t  and i n t e g r a t e d  s t a r  l i g h t  background t o  a 
n e g l i g i b l e  l e v e l .  
‘71% EXPER13XhT - 
Since  a i r g l o w  ‘emission r a t e s  a r e  r e l a t i v e l y  low, exposure  
t i x e s  from r o c k e t s  a r e  s h o r t ,  and payload s p a c e  is sma l l ,  (( 9 
f a s t  and compact s p e c t r o g r a p h  was c a l l e d  f o r  t o  r e c o r d  t h e  
u l t r a v i o l e t  n ightg low spectrum. The f i n a l  s p e c t r o g r a p h  , 
d e s i g n  c o n s i s t e d  of  a n o v e l ,  o f f - a x i s ,  c y l i n d r i c a l  p a r a b o l a c  2 
o p t i c a l  c o l l i m a t o r ;  a 10 c m  p lane  g r a t i n g  w i t h  2160 lines/mm 
r u l i n g ;  a 40 lm a p e r t u r e ,  f /0 .7  Schmidt camera;  and an  unusua l  
f i l m  t r a n s p o r t  mechanism. The o p t i c a l  d e s i g n  of t h e  s p e c t r o -  
g ra2h  was developed  by D. C. Evans and is. Boggess I11 i n  o u r  
l a b o r a t o r y .  
F i g u r e  1 is a schemat i c  of  t h e  o v e r a l l  s p e c t r o g r a p h .  
The c o l l i m a t o r  c o n s i s t s  of  one quadrknt  of  an  f /0 .9  c y l i n d r i c a l  
pa rabo la .  The f o c a l  l e n g t h  is 220 mm and t h e  u s e f u l  d i a m e t e r  
12 mm. K i t h  a n  e n t r a n c e  s l i t  of 0.55 mm w i d t h  a beam 
c o l l i m a t e d  t o  w i t h i n  0.2 degrees  is produced. Because of  t h e  
n a t u r e  of  t h e  s o u r c e  b e i n g  photographed ( t h e  edge-on h o r i z o n  
a i r g l o w )  and t h e  l i m i t a t i o n s  on t h e  r o c k e t  p o i n t i n g  c a p a b i l i t i e s  
t h e  e n t r a n c e  s l i t  c o u l d  n o t  be  o r i e n t e d  p a r a l l e l  t o  t h e  
h o r i z o n  bu t  had t o  be k e p t  p e r p e n d i c u l a r  t o  t h e  a i r g l o w  l a y e r .  
The Schmidt cameras and f i l m  t r a n s p o r t s  were deve loped  
b y  t h e  Perkin-Elmer Corpora t ion ,  h-orwalk, Conn. and have been 
used b o t h  a s  imaging cameras and i n  o b j e c t i v e  g r a t i n g  
s p e c t r o g r a p h s  f o r  p l z n e t a r y  o b s e r v a t i o n s  (Zvans, 1965) i n  . 
a d d i t i o n  t o  t h i s  work. The camera 40 m diamete r  c o r r e c t o r  
l e n s  may be made of e i t h e r  CaFZ o r  f u s e d  s i l i c a .  
o v e r c o a t e d  pr imary m i r r o r  h a s  a d i ame te r  of  65 mm and a f o c a l  
l e n g t h  of 28 mm, Both t h e  camera and t h e  f i l m  t r a n s p o r t  have 
v e n t i n g  arrangeinents  f o r  o u t g a s s i n g . d u r i n g  t h e  r o c k e t  a s c e n t .  
The camera has  a t o t a l  a p e r t u r e  r a t i o  of  T/0,9 i n c l u d i n g  
o b s c u r a t i o n  l o s s e s .  
The NgF2 
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The f i l m  t r a n s g o r t  is c i e t a i x d  i n  F i g u r e  2. It c o n t a i n s  
6 film p l a n c h e t s  a t  t h e  end of a spoked wheel which, when 
e l e c t r i c p . l l y  ac tuz$ed ,  sncsess i - rEly  p c s i t i o n s  each  Of t h e  
f i l m  d i s c s  in t k e  f o c a l  pLane c< t k e  Schmidt c a x e r a  by  a 
s p r i n g  d r i v e n  r?tcyz’; (th2 P - 7 -  L u  . fS o>”u.Z?.l system 5 s  z l s o  
i n  7-2 ---..-- I-\ 7--- - ,,. -- . col.c---ct c: 77 Ti2 
> 
d iame te r  f i l m  d i s c s  conformed t o  25 mm r a d i u s  g l a s s  d i s c s  by 
mechanica l  p r e s s u r e .  The f i l m  t r a n s p o r t  s e c t i o n  is removed 
from t h e  o p t i c s  f o r  l o a d i n g  of  f i l m  and manual wincing.  
The s p o t  image formed of a c o l l i m a t e d  beam by t h i s  
camera is less- t h a n  0.10 mm i n  d i ame te r  co r re spond ing  t o  
less  t h a n  1/4O a n g u l a r  r e s o l u t i o n .  
t h e  e n t i r e  f i l m  p l a t e  h a s  r e q u i r e d  c a r e f u l  ad jus tmen t  of  
each  p l a n c h e t  f o r  p rope r  p o s i t i o n  i n  a l l  t h -  Lee axes. 
Achieving good f o c u s  a c r o s s  
Eastman s p e c t r o s c o ? i c  f i l m  t y p e s  1-0 and 103 a0 have 
been used i n  t h e  camera p l u s  Kodak Pa the '  t y p e  S C - 5  f i l m .  
The f r a g i l e  SC-5  which is ext remely  s e n s i t i v e  t o  p r e s s u r e  
n a r k i n g  and con tamina t ion ,  h a s  v e r y  s u c c e s s f  u l l y  w i t h s t o o d  
de fo rma t ion  t o  t h e  25 
Two 
a s p e c t  d a t a  were mountek i n  an a t t i t u d e  c o n t r o l l e d  XASA 
Aerobee, 4.83 launched from White Sands Nissile Range, N e w  
3iexico a t  2315 MST on 30 Kov. 1964. The GSFC A t t i t u d e  Control. 
Sys tem W ~ S  IJS~.; iirith t h e  a d d i t i ~ ~  . f  s~cjr;eiiced progi-aiii 
which k e p t  t h e  ho r i zon  f i x e d  i n  t h e  s p e c t r o g r a p h  f i e l d  w i t h i n  
approximate ly  * 2 degrees  throughout  t h e  f l i g h t .  A single 
260 scc  esposc-e  7 ; ~ s  t a k e n  d z r i n g  t h e  f l i g h t ,  yliicli reached  
an  apogee of 1S4 km. Eastman t y p e  10320 f i l m  x a s  used w i t h  
development for 9 p i n .  i n  D-19 deve lope r .  I n  a. 'dition to 
t h e  a i r g l o w  s p e c t r a  r eco rded ,  soxe  ve ry  i n t e r e s t i n g  pkoto- 
g raphs  of  t h e  e a r t h ' s  n i g h t  ho r i zon  and n ightg low l a y e r  were 
o b t a i n e d  by t h e  a s p e c t  camera. These r e s u l t s  a r e  b e i n g  
p u b l i s h e d  s e p a r a t e l y  (Hennes and Dunkelman, 1965). 
F i g u r e  3 is a photograph of  t h e  u l t r a v i o l e t  nigktglow 
s p e c t r m  w i t h  an approximate wavelength s c a l e  super-imposed. 
The k c r i z o n  h a g s  is smeared i n  t S e  v e r t i c a l  d i r ec t j . cn  by 
t F 2  r o c k e t  motion d u r i q  thc f l i g h t .  Alt".oug'n t h e  2 i l m  was 
s e n s i t f v e  t o  b ~ l s r n  23O?k, ~9 Ceatul-zs ';;ere r e c o r d e d  b e l ~ w  2500A.. 
F i g c r e  4 is a dens i tome te r  t r a c e  of  t h e  f i l m  shown i n  
T igure  3 .  
would be produced by exposure t o  a 0 .75  R/A s o u r c e  under  
t h e  c o n d i t i o n s  of t h e  f l i g h t  expoca -eo  I t  is  t h c s  b o t h  a 
c r u d e  measure of t h e  a b s o l u t e  z e n i t h  emis s ion  r a t e  o f  t h e  
n ightg low a t  t h e  t i m e  o f  t h e  exposure  and a measure of t h e  
i n s t r u n e n t  s p e c t r a l  s e n s i t i v i t y  ( i n c l u d i n g  s p e c t r o g r a p h  
t r a n s m i s s i o n  and f i l m  s e n s i t i v i t y ) .  The s p e c t r o g r a p h  e n t r a n c e  
slits were set a s  wide a s  t h e  l i m i t i n g  Schmidt camera o p t i c s  
x-auld p e r n i t .  The r e s u l t i n g  image s p o t  s i z e  ( l i n e  wid th)  
cor responded t o  about  12A and is shown i n  t h e  f i g u r e  a s  s l i t  
-,-; 2 d t h . 
The heavy b l a c k  l i n e  marks t h e  f i l m  d e n s i t y  which 
F i g u r e  5 is t h e  c o r r e c t e d  u l t r a v i o l e t  n ightg low spectrum. 
" 7  
 fie background f o g ,  f i l m  c h a r a c t e r i s t i c  r e sponse  and i n s t r u m e n t  
s p e c t r a l  s e n s i t i v i t y  have been removed from t h e  f i l m  d a t a  
?.nd t h e  r e s v l t  d i s p l a y e d  on a s c a l e  l i n e a r  i n  b o t h  wavelength 
and emiss ion  r a t e  The i n s t r m e n t  r e l a t i v e  r e s p o m e  was 
T Y " ~ S I . I ~ P ~  ~ 9 2 ~ s  an >?.E?.S. c a l i b r a t e d  t n n g s t e ~ - i ~ d i i i e  
s o u r c e  a t  t \ e  l o n g e r  wavelengths  and by a sodium s a l i c y l - a t e  
c o a t e d  photo txbe  a t  t h e  s h o r t e r  wavelengths .  0-cer 2200 p o i n t s  
: -e re  tz l inn  from t5e 6ecsitoxe:etsr t r ~ r ~ z ,  C S Z T E ~ ~ C ~  to 
c c r r e c t e d  l i n e a r  d a t a  by a computer p rograx ,  and r e p l o - t x d  
t o  make up t h i s  spec t rum vh lch  is t h e  b e s t  r e p r e s e n t a x i o n  
of  t h e  u l t r a v i o l e t  n i g h t g l o v  v-hich cap, be obtained from o u r  
d a t a .  
Based on t h e  emiss ion  r a t e  o r d i n a t e  used i n  T'igure 5 
t h e  t o t a l  z q n i t h  emis s ion  r a t e  from t h e  s p e c t r z l  r e g i o n  
i n c l u d e d  is approximate ly  6003. The einiss ion r a t e  h a s  been 
a r r i v e d  a t  by tmo independent  means A p r e - f l i g h t  l a b o r a t o r y  
c a l i b r z t i o n  of t h e  s p e c t r e g r a p h  acd  f l i g h t  e x x l s i o n  vas 
x a d e  u s i n g  an exter-ded s o u r c e  of P,- 2537-4 r a d i a t i o n .  For  a 
f o u r  n i n c t 2  ex23six-e t h e  s e n s i t i v i t y  a t  2537A r e q c i r c d  30 - *  
t o  produce a film d e n s i t y  1 , O .  Du- i zg  t k e  f l i g ? t  ",e s;?ec 
viewed t h e  :iorlzon s-::ere t h e  edgz-ca intensLtj7 sxerzrcci 57 t h e  
roc!;2t ;n~t:on, is  sc-?? 35 t.'cres t h e  zer5-C.5 intsnsz-zy a s  
. .  
determined  by t h e  v i s i b l e  s e n s i t i v e  a s p e c t  camera i n  t h e  
same payload  ( E e m e s  and Dunkelman, 1965). The e q u i v a l e n t  
z e n i t h  emis s ion  r a t e  necessa ry  f o r  t h e  h o r i z o n  t o  produce a 
f i l m  d e n s i t y  1.0 s h o u l d  t h e r e f o r e  be 0,85 R/A. 
A second e s t i m a t e  of emiss ion  r a t e  has  been made based  
on t h e  obse rved  0 1  g r e e n  l i n e  z e n i t h  emis s ion  r a t e  of  145R 
a t  t h e  t i m e  of t k e  f l i g h t .  D r .  June Jones  of Geo-Science, Inc. 
Alamorgordo, Kew Nexico h a s  k i n d l y  s u p p l i e d  t h i s  nunber  
i rom t h e  s e t  of  con t inuous  r ead ings  made a t  t h e  a i r g l o w  
o b s e r v a t o r y  on Sacramento Peak. Using t h e  r a t i o  of 16:l 
1 f o r  t h e  r a t e  c o e f f i c i e n t s  of t h e  55778 g reen  l i n e s ,  O( S) -. 
O (  D) 2nd t h e  2972.4 t r a n s - a u r o r a l  l i n e ,  O( S) -, O("P)  we 
have a 9R z e n i t h  e x i s s i o n  r a t e  a t  2972A (Gars tang ,  1951). 
The e f f e c t i v e  slit  wid th  makes t h i s  e q u i v a l e n t  t o  0.75 R/A 
a t  2972 A. Unfo r tuna te ly ,  t h e  2972 a tomic  l i c e  f a l l s  n e x t  
t o  t h e  Herzberg 7 ,  4 band a t  2976A and b o t h  s i t  on t h e  
l o n g  wavelength p o r t i o n  of t h e  5,3 band a t  29458. R e c o n s t r u c t i o n s  
cf +hnrrr  +I.-"-,. x-..J-..--- 
buc ioG t,iirL cG A c a  b u i G a  i i l c l ' i c a t~  t h a t  aiiyiiiiie~-e f1-0111 20-30% 
of t h e  t o t a l  erniss io3 between 2924 - 2989A cou ld  come from 
t h e  29728 a t o n i c  l i n e .  S ince  t h e  e f f e c t  02 i n c r e a s e d  
9 1 1 
L,-..-. . , lzon s r n e a r i - . ~  i s  t o  r z i s c  :;he cq-ziy;aler,t z e n i t h  enission -- 
r a t e  and the  e f f e c t  of a l z r g e r  r a t i o  for t h e  5577A/29728 
i n t e n s i t i e s  i s  t o  l o v e r  t h e  r a t e  t h e  somewhat a r b i t r a r y  c h o i c e  
of  0.75 R / S  n'zs made t o  produce a spec t rogram d e n s i t y  of IC$) 
a t  3000A i n  F5gure 4 .  The c s c e r t a i n t y  i n  t h i s  number must 
be  about  59%. 
Tab le  I g i v e s  t h e  approximate i n t e g r a t e d  z e n i t h  
e x i s s i o n  r a t e  f o r  t h e  spectrum o f  F igu re  5 between t h e  
v a v e l e z g t h  i n t e r v a l s  i n d i c a t e d .  The v a r i o u s  Herzberg  bands 
i n  each  r e g i o n  a r e  l i s t e d .  I n  a d d i t i o n  t o  t h e  moleculzir 
bands  t h e  01 atomic l i n e  a t  29728 and f i v e  E n i d e n t i f i e d  
b a n d s ,  Ear1i;ed by X ,  i n  t h e  longe r  vave ieng th  r e g i o n  a r e  
i n c l u d e d .  'i'hese ur l ident i f  i e d  bands Occur a t  tFive?-eXlgthS Of 
a b o u t  3430, 2507 ,  3615, 3 5 9 3 ,  a n d  3789A ancl t h c i r  pos i t i o i l  
- G -  
is  inc ' ica ted  by t h e  s h o r t  b a r s  i n  F i g u r e  5. These f e a t u r e s  
--:sre no ted  by Chamberlain (1955) i n  h i s  n ightg low spec t rum 
5 u t  remain unexplained.  The bands a t  36158 ( t h e  l a r g e  
cieformatron on t h e  s h o r t  w2ve s i d e  of t h e  4 , 7  band) and 36988 
( t h e  e n t i r e  band a t  3700A) a r e  t h e  most prominent.  A l l  
o t h e r  f e a t u r e s  In F i g u r e  5 can be a t t r i b u t e d  t o  one  or more 
of t h e  Kerzberg bands. 
The i n t e n s i t i e s  of  t h e  i n d i v i d u a l  bands car, o n l y  be 
determined for t h e  s h o r t  wavelength p o r t i o n  of t h e  spec%rum 
there t h e  Sand o v e r l a p  is small, For t h e s e  f e a t u r e s  where 
on ly  tlxo bznds o v e r l a p ,  such  BS t h e  7 , 2  and 4,1 sys t ems  a t  
9-328 and 2750 r e s p e c t i v e l y ,  an e s t i m a t e  of t h e  i n t e n s i t y  
i n  each  has  been made by a g r a p h i c a l  r e c o n s t r u c t i o n  of t h e  
txo ban& u s i n g  12R r e s o l u t i o n  and f i t t i n g  t h e  r e s u l t s  t o  
the observed  s p e c t r a l  shape.  The r e s u l t s  of s u c h  a r e c o n s t r u c t i o n  
ai-e o n l y  approximate of course.  Table  I1 g i v e s  t h e  e s t i m a t e d  
i n t e n s i t i e s  f o r  a s  many f e a t u r e s  a s  c a n  be measured o r  
r eccnc t ruc tc<  frcz F i , e * G r e  5 ,  
C3SCLUS IOXS 
3 
The Zzrzberg  band s y s t e m  of 0 A C' --* X3C-, w a s  2 '  U g 
Dbserved i n  c o n s i d e r a b l e  d e t a i l  i n  t h e  l a b o r a t o r y  oxygen 
a f t e r g l o w  work of Ero ida  and Gaydon (1954) 2nd h a s  been 
the s u b j e c t  of d e t a i l e d  c a l c u l a t i o n s  by P i l l o w  (18.53 a ,  b ) .  
The by now c l a s s i c a l  work of Eroida  and Gaydon a s s igned  t h e  
p rope r  v i b r a t i o n a l  numbering s y s t e x  t o  t h e  Herzberg t r a n s i t i o n s  
2nd p e r m i t t e d  eye e s t i m a t e s  of i n t e n s i t y .  Bands from upper  
s t a t e s  w i t h  v '  of 9 o r  10 were observed  i n  t h e i r  l a b o r a t o r y  
emis s ions  5 u t  a r e  n o t  found i n  th3  n i g h t  sky. 
- 
The t o t a l  i n t e E s i t y  of t h e  u l t r a v i o l e t  nightglow is 
n o t  l a r g e  and over  h a l f  of t h e  emiss ion  is i n  t h e  ground 
o3se rvZb le  r e g i o n  of t h e  spectrLm. ChzmScrlain (1951, p. 
53s) s u g z e s t e d  t h a t  a c o n s i d e r a b l s  f r a c t i o n  of thc! t o t 2 1  
T-Tn A ~ - ~ ~ b e r y  s;-stem ir ,  t h e  n i g h t  s k y  n;ig:it bs in t h e  fnidcle 
- 7 -  
u l t r a v i o l e t  b u t  t h i s  is c l e a r l y  n o t  t h e  case .  
is based  on t h e  ne thod  of e x c i t a t i o n  proposed a s  a t h r e e -  
body r e c o n b i n a t i o n  
This c o n j e c t u r e  
. O  + Q -I- b1 -+ OZ(A 3 +  C u )  + hl. 
The expec ted  a i r g l o w  emiss ion  r a t e s  frcm s u c h  a r e a c t i o n  mould 
b e  v e r y  l a r g e  and  nuch of the  d i s c u s s i o n  of t h e  n igh tg low 
h2s been coccerned  w i t h  f i n d i n g  s u i t a b l e  d e a c t i v a t i o n  
-h  tll .;cha~isms t o  g i v e  t h e  observed  lo:.i i n t e n s i t i e s  (Ba te s ,  1955; 
B a r t h  and Fatapof  f , 1362 ; Dalgarno, 1363 ; E a r t h ,  1964). 
Arguments by Young and S h a r p l e s s  (1962, 1964) have been 
p r e s e n t e d ,  however, t o  s h o n  t h a t  l a b o r a t o r y  d e r i v e d  r e a c t i o n  
r a t e s  f c r  d e z c t i v s t i o n  and f o r  competing a c t i v a t i o n s  i n d i c a t e  
t h a t  t h e  s i m p l e  three-body r e a c t i o n  above is n o t  adequa te  
t o  account  for t h e  nightglot;! i n t e n s i t i e s .  The b a s i c  e x c i t a t i o n  
mochanism is st i l l  no t  c l e a r .  
I n  a d s i t i o n  t o  t h e  t o t a l  emis s ion  r e t e s  t h e  r e l a t i v e  
i n t e n s i t i e s  of t h e  v a r i ~ n s  3ands and t h e  i;oprrlatioii- distribution 
among t h e  upper  v i b r a t i o n a l  l eve ls  must be accounted  fcr. 
F i g u r e  6 A  shows a p l o t  of t h e  band i n t e n s i t i e s  l i s t e d  i n  
Tz’ole 11. The l i n e s  corrnect b a n d s  zl ,- ising :Froin T. ronmon 
.>?per v i b r a t i o c a l  l e v e l  -:.-ikh v T  = 7 ,  6 ,  5 ,  axd 4 and e n d i n g  
in t h e  v a r i o u s  lower l e v e l s  v i t h  v’  = 0, 1, 2, 3 ,  4 ,  5 ,  C Y  5. 
I n  6B E r e  shovm t h  band i n t e n s i t i e s  l i s t e d  iil t h o  c o m p l i z t i o n  
37 Yfallace (1962) which a r e  i n  t u r n  takc-n from t h e  l a 5 o r a t o r y  
s t u d i e s  of Ero ida  and Gaydon (1954) and B a r t h  and K;aplan (1959). 
I n  EC E r e  t h e  i n t e n s i t i e s  c a l c u l a t e d  by P i l l o w  (1953a, 1953b),  
I n  p a r t s  B and C t h e  sum of t h e  i n t e n s i t i e s  of a l l  t h e  b a ~ d s  
shown hzve been s e t  e ~ . u a l  t o  i k e  sum of t h2  c o r r e ~ p n d l n g  
bands i n  A .  The c a l c u l a t i c - . s  Dj: PiPlow assuns ,  f o r  convenience ,  
a uniform d i s t r i b u t i o n  of y . o l ~ c u l i ~  tl.;rougl=~ut t21-e u p p i *  
v i b r a t i o z a l  I s v e l s  Zn a d d i t i G n  tl7.s;~ ass:zi?s a cor,St>.!l.t 
e lec t r cn ic  trznsition n o ~ s n t  n h i c h  i s  s h c s t  c~: : tz i r~J-y  n s t  
- 
- 
L ;he C3Se ( c - : ”  yj-c>c::-,T, 19z.5; Zr-i-32 ;.nd G?-J33-.9 1354). 
m  here s u r ? r i s j “ n g ~ y  p s d  - --*- -.....zF.* ~ z ” ; - - . T ~ E  t ? ?  s h o r t  
- -. _ . .  . .  , .C.. ---.-. . -.---,---..--- . . .  , .. .... 
(E) l a b o r a t o r y  , wheTe s o u r c e  p r e s s u r e s  a r e  h i g h  (2-4 t o r r ) ,  
a n d  t h o s e  i n  t h e  n i g h t  sky"), where s o u r c e  p r e s s u r e s  a r e  
l o w  (10-'~3 t o r r ) .  
The d i s t r i b u t i o n  of v i b r a t i o n a l  l e v e l s  i n f e r r e d  from 
a comparison 02 our  d a t a  w i t h  B i l l o w q s  c a l c u l a t i o n s  i n d i c a t e  
a d e c r e a s i n g  p o p u l a t i o n  of t h e  h i g h e r  v i b r a t i o n a l  s t a t e s .  
T h i s  is i n  d i s t i n c t i o ?  t o  t h e  d i s t r i k u t i o n  i n f e r r e d  i n  t h e  
s a n e  manner from Chamberlain 's  (1955) e s t i m a t e s  of i n t e n s i t i e s  
a t  t h e  l o n g e r  ivavelengths ,  which show an  i n c r e a s i n g  p o p u l a t i o n  
of t h e  h i g h e r  v i b r a t i o n a l  s t a t e s .  The a l t i t u d e s  a t  xl i ich 
o u r  s p e c t r a  n-ere t a k e n  wculd s e e m  t o  p rec lude  any z b s o r y t i o n  
so t h e  d i s c r e p a c c y  n u s t  be sought  i n  t h e  c a l c u l a t i o n a l  model 
cr i n  t h e  i n t e n F i t y  e s t i m a t e s .  
The  s t u d y  of t h e  n i g h t  a i rg low has  p rogres sed  c o n s i d e r a b l y  
i n  the l a s t  t e n  y e a r s  b u t  t h e  most fundamental  q x e s t i o n s  
remain unanswered. What a r e  the e x a c t  e x c i t a t i o n  mechanisms 
of t h e  v a r i o u s  e n i s s i o n s  which w i l l  e x p l a i n  t h e  i n t e n s i c y ,  
t h e  a l t i t u d e ,  t h e  geograph ica l  and the tempora l  d i s t r i b u t i o n s ?  
Although t \e  three-body r e a c t i o n  mentioned above is t h e  m o s t  
l i k e l y  e x c i t a t i o n  mechallism of t h e  u l t r a v i o l e t  n ightg low 
there  a r e  s t i l l  many c , u ~ s ~ i o c s  \:-hich must be  answerec! b e f o r e  
!t c a n  be accovpted. 
I -:;ish t o  thank  Lawrence Duz'ieImzn f o r  h i s  1~7,- and 
c o n t i n u i n g  a d v i c e  and encourzgement f o r  t h i s  p r o j e c t  ; 
Thzodose S t e c h e r ,  James E. Kup?erian, Jr., End DOP_ Heath f o r  
" h e i r  s u g g e s t i o n s  conce rn ing  t h e  d a t a  h a n d l i n g ;  and I'iilliaii? 
Xcssz l l  and Charles Laver ty  of $:.he GSFZ S o ~ n d i n g  Bx'cet Brarx? 
lor the i r  ds-:elopnsnt of the attitud? cont ro l  s y s t e m .  
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3408 3528 7,7X2,5 4,5 6,7 X 
2522 3663 X 2,6 4 , "  0,5 C , 8  
3533 35"3 x 3,7 1,s ,4,5 7:n x 
3293 3557 4 , J  2 , 7  0,s 6,9 
3355 3405 3,5  5,6 1,4 
















55  1 
1 2 1 
1 
TABLE I1 





' Emission Rate 
Wavelength , 
( A )  
. .  
: . 
R e  f ere nces  
B a r t h ,  C .  A Three Body Reac t ions ,  Ann .  d e  Ceophys. 20, - - -
182-196, ' f954 .  
E a r t h ,  C .  A. and J. Ka?lan, The U l t r a v i o l e t  Spectrum of 
t h e  Oxyyen kf te rg lo iv  and t h e  K i g h t  AirglosJ, - J.  Xolecu la r  
S p e c t r .  3 ,  583-587, 1959.  
E a r t h ,  C. A .  and hi. Patapoff, Labora to ry  S p e c t r a  of t h e  
U l t r a v i o l e t  Oxygen A i r g l o c ,  kstrophg-s . J. 136,  1144-47, 
1962. 
- -  
Sates ,  D. R . ,  C o l l i s i o n a l  C e a c t i v a t i o n  and t h e  Night  
Airglow,  J. A t n .  2nd T e r r .  Phps.  6 ,  171-172, 1955. 
' roida,  H. P. and A. G. Gaydon, The Herzbarg Bands of O2 
i n  :=n C:---pn U-terglow 2nd i n  t h e  Night  Sky Spectrum, 
Proc. 2 ~ ~ ; .  SOC. A 2 2 2 ,  181-195, 1954. 
- - - - - -  
- _ I _ - -  
Chamberlain,  J. 1':. , The U l t r a v i o l e t  A i r g l o v  Spectrum, 
Ast ropEys .  J. 121, 277-285, 1955. - -  
Chamberlain,  J. V?., P h y s i c s  of t h e  Aurora - and Airglow,  
Dalgarno ,  A . ,  V i S r a t i o n a l l y  Exc i t ed  idolecules i n  Atmospheric 
Academic Pyess ,  New York ,736IT 
T. r t s t r r : t i O n s ,  P i z - E e t  Space 10 7 0  32 lOG?* 
7 - " - - - Y  ---- -- -
ETrans, 0. C.: A .  Soggess  111, and R. Scoln i t ; ,  The 
R e f l e c t i v i t y  of Venils an2 J.;)itcr i n  the :iidd!e U l t r a -  
v i o l e t ,  Asti-on. 2 .  7 0  - -* 7>:/ , 1 9 6 5 .  ,Full a r t i c l e  
t o  be p u b l i s - i e d  K i - l y  I C Z G .  
i n  p2'and p 
111, 115-124, 1951. 
Gm-s tanc  E. H a ,  Energy  L e v e l s  zrrd T r a c s i t i o n  P y o b a b i l i t i e s  
Conf ig1na t ions ,  ?Tq?thl? Not.  R o y .  A s t r .  ' S O C .  - _ _ - -  
-
Eennes ,  J. P. and L .  Cunkelnan, Pho tograph ic  Obse rva t ions  
of Nightglow from Rockets ,  t o  be p u b l i s h e d ,  1965. 
X i c h o l l s ,  R.  1':. , Xolecu la r  Band I n t e n s i t i c  7 5 e i r  
I n t e r p r e t a t i o n ,  i n  The Airclov and ?!-.e . 
by E .  5.  Armstrong 2 . 2 ~  A .  L%igarno, i ~ 2  ' 8 - 3  , 
Perganon Frsss, New York, 1955. 
- -  2 7 edited 
P i l l o w ,  Til. E.  I n t e n s i t i e s  i n  t h e  Ilerzberg System of 02, 
P;-oc. T'i~ys. Soc. A G S ,  1054-IO55, 19535. --- 
S t e c h e r ,  T. F . ,  The  Spect-21 Z m r g y  D i s ? - i b u t i o n  of t h e  
E a r t h ' s  Ultraviolet N i g h t  A i rg lO . -~ ,  J. Geophys. R e s .  70,  
2209 -2211, 1965. 
- _.- - -
Waliace, L . ,  Band Head Vavelengths  of C2, CH, CN,  CO, N R ,  
0 2 ,  OH,  and T h e i r  P o n s ,  As t rophys .  J .  Su;?pl. Se r .  7 (681, 
165-290, 1952. 
_ - - -  
Y a r i n .  V. I . ,  Contiiuous E n i s s i o n  and the Rerzberg 0, E~inds 
i n 'Noc tu rna1  Airglow, I fGY Program, S e c t i o n  IV, No'? 5 ,  
f z d a t e l k t v o  Akid Piauk, Lasit, 1SGl. 'irz;:siateci I n S A  
Y a r i n .  V .  I., O n  t h e  Emissions of hiolecuiar Oxygen 
in Aurora and Airg;lo\li, KASA Tech. T r a n s l a t r o n  TT 
1-282. 42-57, i\Iay 1964 .  
(Xost of these r e s u l t s  a r e  i n c l u d e d  i n  Krassovsky , 
YpI., N. N. Shefov,  and V. I. Yarin, Atlas of t h e  
A i r g l x  Spectriin 3F9.3 - 12400 A ,  Plane t  -- Space Sei. 
9 ,  F53-915, 1952.)  - 
2,- Young, R. A .  2nd R. L. Sharp less ,  T x c i t a t i o n  of t h e  0 Bands i n  t h e  lJightzlo'$, ?. Geoph~7s. R e s .  67, 3S71-&0:4, 
1s52. 
- - - 








I .  
I 
I 








































* .  . - *  
